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Contemporary retrieval systems which search across collections ignore collection-level
metadata, an obvious problem. As part of the IMLS Digital Collections and Content Project
we are developing a logic-based framework for classifying collection/item metadata
relationships and formalizing inference rules based on these relationships.
(Foulonneau, et al., 2005; Palmer, 2004)
Conjectures and Refutations
D1 An attribute A a/v propagates =df
      ∀x∀y∀z [(IsGatheredInto(x,y) & A(y,z)) ⊃ A(x,z)]
But D1 is too broad: For instance, attributes with no value for any collection count as a/v propagating although they are
not. e.g if a particular collection identifier attribute has not been assigned to any collection, then D1 will incorrectly
count that attribute as a/v propagating. The standard move here is to modalize the conditional:
D2 An attribute A a/v propagates =df
      ☐ ∀x∀y∀z [(IsGatheredInto(x,y) & A(y,z)) ⊃ A(x,z)]
That is, an attribute A a/v propagates if and
only if it is impossible for a collection to have
v for A and its items not have v for A.
Although D2 no longer incorrectly counts our
unassigned collection identifier as a/v
propagating, five sorts of attributes still
generate similar counterintuitive results.
Counterexample Classes
☐ ~∃x∃y∃z[A(y,z) & ~A(x,z)]C5)  Domain Universal
☐ ∀x∀z~[Member(x)& ~A(x,z)]C4)  Necessary for Members
☐ ∀y∀z ~[Collection(y) & A(y,z)]C3)  Impossible for Collections
☐ ∀x∀z A(x,z)C2)  Necessary Attributes
☐∀y∀z  ~A(y,z)C1)  Impossible Attributes
Solution
D3: An attribute A a/v propagates =df
I. a) ◇ ∃y∃z [Collection(y) & A(y,z)] &
   b) ◇ ∃x∃z [Member(x) & ~A(x,z)] &
   c) ◇ ∃x∃y∃z [A(x,z) & ~A(y,z)] &
II. ☐ ∀x∀y∀z [(IsGatheredInto(x,y) & A(y,z) ) ⊃ A(x,z) ]
D4: An attribute A v-propagates to attribute B =df
I. a) ◇ ∃y∃z [Collection(y) & A(y,z)] &
   b) ◇ ∃x∃z [Member(x) & ~B(x,z)] &
   c) ◇ ∃x∃y∃z [A(x,z) & ~B(y,z)] &
II. ☐ ∀x∀y∀z [(IsGatheredInto(x,y) & A(y,z)) ⊃ B(x,z) ]
We address the problem with preemptive modal restrictions.  The union of the counterexample classes is a subset of
the union of C3, C4, C5; so we exclude all five classes by excluding those three.
A corresponding definition of v-propagation would be:
a/v-propagation can now be identified as a special case of v-propagation:
      A a/v-propagates if and only if A v-propagates to A
Significance
The problem is real: Both D1 and D2 incorrectly classify non-propagating attributes as propagating, supporting
erroneous inferences. There are similar arguments in IR for the inadequacy of non-modal analysis of relevance
(van Rijksbergen, 1986; Lalmas, 1998).  The view that material implication is “harmless” (Sebastiani, 1998) ignores the
fact that nested conditionals occur routinely in definitions and system specifications.
Connections with strategies in other areas.  Our strategy is similar in some respects to the use of modally defined
metaproperties in ontology evaluation (Guarino & Welty, 2004).  The Barcan and converse Barcan formulas suggest
connections between our analysis of propagation and their approach to  ontology evaluation.
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In formalizing these relationships a known problem with conditionals, trivial satisfaction, proves surprisingly
troublesome.  We start with:
Note: “isGatheredInto” is from the Dublin Core Collection Application Profile (DC-CAP).  We assume:  [IsGatheredInto(x,y) ⊃ (Member(x) & Collection(y))]
